Oropharyngeal cancer (OPC) is more frequent in men than women mainly due to the heavier and longer duration of smoking in men. Human papillomavirus (HPV) has a role in the rising incidence of OPC in the United States and other high-income countries. To determine whether there is a difference in the proportion of HPV-attributable OPC between men and women, we systematically retrieved HPV prevalence data from 63 studies reporting separately on OPC by gender. The male/female (M/F) ratios of HPV prevalence in OPC across different countries and the corresponding M/F ratios of cumulative lung cancer risk (a proxy for smoking) were compared. The United States had the highest M/F ratios of HPV prevalence in OPC (1.5). The lowest M/F ratios ( 0.7) were found in Asia and some European countries (e.g., France). The countries in which the M/F ratio of HPV prevalence in OPC was !1.0 had the most similar lung cancer risks for men and women. When HPV prevalence data were applied to age-standardized OPC incidence rates in the United States, Australia, the United Kingdom, and France, the M/F ratio for the HPV-positive OPC incidence rates was rather stable (around 4) in all countries. In contrast, the M/F ratio for the HPV-negative OPC incidence rates reached 10.2 in France versus <3 elsewhere. We showed that HPV prevalence in OPC differs by gender and country mainly as a consequence of the vast international variation in male smoking habits. Nevertheless, HPVpositive OPC may affect men more heavily than women in different populations for reasons that are unclear.
Introduction
The fraction of cancer throughout the world that is attributed to human papillomavirus (HPV) is much larger in women (9.4%) than men (0.6%) due to the predominant influence of cervical cancer in developing countries (1) . A still ill-defined fraction of oropharyngeal cancer (OPC) is included in these estimates, and this fraction is larger in North America, Northern Europe, Japan, and Australia than in the rest of the world (2) . Globally, OPC is much more frequent in men (approximately 68,000 cases) than women (18,000; ref. 1) , and the gender difference is mainly explained by the heavier and longer duration of tobacco smoking and the heavier alcohol drinking in men (3) . The epidemiologic evidence strongly suggests a role for HPV in the rising incidence of OPC in the United States (4, 5) and other high-income countries (6) .
Estimates of the fraction of OPC attributable to HPV infection have been so far assumed to be the same in men and women (1) . To elucidate whether there is a gender difference in HPV prevalence in OPC (a proxy for HPVattributable fraction), we systematically explored the findings for HPV biomarkers in OPC specimens from men and women and compared the male/female (M/F) ratios of HPV prevalence across different countries and world regions. We also used gender differences in country-specific cumulative lung cancer risk to correlate the HPV findings with smoking habits. Finally, we attempted to evaluate the implications of the differences in HPV prevalence and smoking on incidence rates of estimated HPVpositive OPC and HPV-negative OPC in selected countries.
Materials and Methods
The NIH's NCBI PubMed search engine was used to retrieve citations published between January 2000 and November 2013 using the MeSH terms "oropharyngeal neoplasms" or "head and neck neoplasms" in combination with "papillomaviridae" or "dna viruses." Additional suitable studies were identified in the reference lists of selected articles or in previous reviews. We defined OPC to include cancer in the base of the tongue (ICD-10 code C01), lingual tonsil (C02.4), soft palate (C05.1), uvula (C05.2), tonsil (C09Á0-C09.9), oropharynx (C10Á0-C10.9), and Waldeyer ring (C14.2). We selected OPC publications written in English that showed the prevalence of HPV markers separately for men and women and included information on at least one of three HPV biomarkers, that is, HPV DNA using PCR (hereafter referred to as PCR), HPV DNA using in situ hybridization (ISH), or HPV E6/E7 mRNA using either reverse transcription PCR or ISH. Because of limited data available, findings from mRNA and ISH were combined (hereafter referred together as mRNA/ISH). Countries were included if at least 100 individuals, of which at least 20 were women, were tested for HPV. A few studies that did not distinguish OPC from other head and neck cancer sites were included if OPC accounted for more than 80% of the total. PCR and mRNA/ISH detection methods were, in most instances, restricted to high-risk HPV types. However, some studies restricted detection to HPV16 or included low-risk HPV types. Key information on the 63 selected studies is given in Supplementary Table S1 .
Countries were shown separately and, when possible grouped into regions: North America, Australia, Europe, and Asia. Prevalence of each HPV marker is given as the percentage of individuals with OPC who tested positive for the presence of HPV. The M/F ratios of HPV prevalence in OPC and the corresponding 95% confidence intervals (CI) were computed using a binomial regression model with a log link adjusted for study. M/F ratios from different regions were not combined because of the substantial heterogeneity.
As a proxy for the differences in tobacco smoking habits between men and women in the last decades, the countryand sex-specific cumulative risk [1-exp (-cumulative incidence rate)] of lung cancer in the age range 0 to 69 years was obtained (7). Taiwan was not included because of the high prevalence of betel chewing that is associated with OPC but not lung cancer in this country (8) . The correlation between the logarithmically transformed M/F ratios of cumulative lung cancer risk and M/F ratios of HPV prevalence in OPC (by PCR) was assessed using the Pearson correlation coefficient.
Finally, country-and sex-specific PCR-based HPV prevalence was applied to the corresponding world age-standardized incidence rates of OPC in four countries for which: (i) more than 200 OPC cases were tested for HPV by PCR (Table 1 ); and (ii) incidence rates using the same definition of OPC as described above have been published (6) . The Netherlands was omitted from this analysis due to the initial screening of cases for overexpression of p16-protein before PCR testing.
Results
Information on HPV PCR detection in OPC was available for North America (16 studies), Australia (one study), Europe (27 studies), and Asia (six studies). In men, HPV prevalence in OPC was highest in North America (65.8%) and lowest in Asia (28.9%, Table 1 ). In contrast, HPV prevalence in OPC in women was highest in Asia (61.5%). North America had the highest M/F ratio of HPV prevalence (1.5; 95% CI, 1.3-1.6), followed by Australia (1.3; 95% CI, 1.0-1.6), Europe (1.0; 95% CI, 0.9-1.1), and Asia (0.5; 95% CI, 0.4-0.6, Table 1 ). Among the countries for which HPV PCR data were available for more than 200 OPC cases, the highest M/F ratios were observed in the United States and the Netherlands (1.5 for both countries) and the lowest in France, Germany (0.7 for both countries), and Taiwan (0.4). Information on mRNA/ISH was available from North America (12 studies), Europe (9 studies), and Asia (2 studies). When available from the same country, the M/F ratios of HPV prevalence in OPC by mRNA/ISH were consistent with PCR findings (Table 1) . A moderate negative correlation was found between country-specific M/F ratios of cumulative lung cancer risk and the corresponding M/F ratios of HPV prevalence in OPC (Pearson correlation coefficient ¼ À0.83, Fig. 1 ). Countries clustered in two groups: countries with M/F ratios for HPV prevalence in OPC !1.0 and relatively low ( 1.5) M/F ratios for cumulative lung cancer risk and countries with M/F ratios for HPV prevalence <1.0 and M/F ratios for cumulative lung cancer risk !2.0. Figure 2 shows the estimated incidence rates of HPVpositive, HPV-negative, and all OPC in the United Kingdom, Australia, the United States, and France. The overall OPC incidence rate was consistently higher in men than in women and varied much more in men (from 4.7 to 17.8, or 3.8 times) than in women (from 1.5 to 2.7, or 1.8 times). The M/F ratio for incidence rates of HPV-positive OPC varied relatively little across the four countries (from 3.3 in the United Kingdom to 4.9 in the United States). In contrast, the M/F ratio of incidence rates for HPV-negative OPC was much higher in France (10.2) than in the other three countries where the ratios ranged from 2.0 to 2.9. This ratio is consistent, although larger, with the high M/F ratio for cumulative lung cancer risk in France (3.4, Fig. 1 ).
Discussion
Our review shows that HPV prevalence in OPC was higher in men than in women in North America and Australia, but the opposite was true in Asia and some European countries, like France, in which the excess in the cumulative lung cancer risk (a proxy of smoking) in men versus women was among the highest. Conversely, the countries in which the M/F ratio of HPV prevalence in OPC was !1.0 had the most similar lung cancer risks for men and women.
When country-specific HPV prevalence from our metaanalysis was applied to previously reported OPC incidence rates, the M/F ratio for HPV-positive OPC was rather stable (around 4) in the United Kingdom, Australia, the United States, and France; whereas the M/F ratio for HPV-negative OPC was particularly elevated in France (10.2). Our review suggests, therefore, that HPV prevalence in OPC differs by gender and country but mainly as a consequence of the vast international variations in the prevalence of smoking in men. Nevertheless, HPV-positive OPC may affect men more heavily than women in different populations.
A gender difference in the prevalence of HPV in OPC is puzzling because HPV infection is predominantly transmitted through heterosexual transmission, and the infection should, therefore, involve both genders equally. However, it was hypothesized that men have a higher probability of acquisition of oral HPV infection during orogenital sex (9) . Furthermore, a large population-based survey of oral HPV infection in the United States showed a significantly higher oral HPV prevalence in men (10.1%) than in women (3.6%) and in current smokers (5) . In countries other than the United States, little is known about the prevalence of oral HPV infection (10) .
The main weakness of our study lies in the fact that there is limited or no country-specific data on HPV prevalence in OPC and incidence rates for the OPC sub-sites (mainly tonsil and base of the tongue) of the head and neck in which HPV is a strong carcinogen. The national representativeness, especially for underrepresented women, of HPV prevalence in OPC for the selected studies is uncertain; and individual information on age, smoking history, and year of OPC diagnosis was not systematically provided in publications. Findings from mRNA/ISH, which are the gold-standard tests for HPV attribution (11) , are consistent with PCR findings, but they are available from very few countries other than the United States. Obviously, cumulative lung cancer risk is an imperfect proxy of smoking habits and does not capture the additional impact of heavy alcohol consumption on OPC. In France, OPC incidence rates were derived from a few regional cancer registries that showed substantially different OPC burdens (7) . Finally, the restriction to studies that reported on HPV prevalence in OPC separately for men and women reduced the information available in the present study but allowed the obtainment of M/F ratios that are not affected by the large cross-study variations in HPV assay sensitivity.
Notwithstanding the limitations of HPV data and ecologic correlations, our study sheds some new light on the interaction between HPV infection and a strong lifestyle risk factor for OPC, namely smoking. Case-control studies suggest that the interaction between HPV and tobacco in OPC is sub-multiplicative; that is, the effect of HPV on OPC is stronger in non-smokers than smokers (11) , but only robust data from prospective studies in which the presence of HPV infection can be evaluated before cancer onset would be able to provide an accurate answer. However, the sex-specific population-based incidence rates of OPC that we have estimated suggest that, in addition to having higher incidence rates of HPV-negative OPC, men in different countries are more prone than women to develop HPV-positive OPC, which is in agreement with data on incidence rates and incidence trends from the United States (4, 5) . However, these findings are compatible with different explanations. Smoking and heavy drinking may either enhance the carcinogenic effect of HPV infection or hamper the accurate attribution of HPV-positive OPC to HPV in men who have both the infection and the two lifestyle risk factors. A specific vulnerability of men to either contracting an oral HPV infection or the progression of HPV infection to OPC is also a possibility that requires further research.
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